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Abstract

Conversion of hydroxy fatty acids, prepared
from the products of fermentation of long chain
hydroearbons or fatty acids with Torulopsis mag-
noliae, to dicarboxylic acids with 15 to 18 car-
bon atoms is described. Both nitrie acid oxida-
tion and fission in 85% KOH give yields of
60-756%, but the products have different com-
positions. The nature of the compound fer-
mented determines the composition of the hy-
droxy acids produced and hence that of the
derived dicarboxylic acids. A convenient method
is presented for hydrolysis of the hydroxy fatty
acid sophorosides obtained by fermentation.

Introduction

8 PART OF A STUDY of methods of modifying long
Achain compounds the yeast Torulopsis magno-
liae was used to eonvert them to hydroxy fatty acid
glycosides of the disaccharide sophorose (7,9). Hy-
droxy fatty acids which have a hydroxyl group at
the penultimate (w-1) or terminal () positions are
obtained by acid hydrolysis of the glycosides. Tt
was considered that the fermentation process would
be more valuable if a study were made of some re-
actions of the hydroxy acids which involved conver-
sion to other difunctional compounds. The only hy-
droxy acid which has been used to any extent in
chemical reactions is 12-hydroxystearic acid, obtained
from hydrogenated castor oil. However, a hydroxy
acid with the hydroxyl group almost at the end of
the chain might be expected to react in a different
way from one with the group near the center of the
chain.

An .investigation has now been made of methods
of converting these hydroxy acids into long chain
dicarboxylic acids which are not otherwise readily
available, In the present study the hydroxy fatty
acid portions of two typical fermentation produets
have been used; firstly, a mixture consisting mainly
of 16-hydroxyheptadecanoic and 17-hydroxyoctadeca-
noic acids, obtained by fermenting a straight chain
hydrocarbon fraction (“distillate wax’), and secondly,
crude 17-hydroxyoleic acid obtained by fermenting
a commercial oleic acid. Methods reported by Stead-
man and Peterson (8) for the preparation of dicar-
boxylic acids from 12-hydroxystearic acid, by nitric
acid oxidation and fission in strong alkali, have been
reexamined and modified for use with the hydroxy
acids obtained by fermentation. In addition, a num-
ber of hydrolysis procedures have been tried to ob-
tain maximum yields of hydroxy fatty acids from
the sophorosides.

1 Presented at the AOCS Meeting in Toronto, 1962. Issued as NRC
No. 8900.
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Experimental

Emery oleic acid (Emersol 233 L.l.), which when
analyzed by GL.C had the composition 14:0, 2; 14:1,
2;16:0,4;16:1,12;17:0,1; 18:0, 1; 18:1, 75; 18:2, 3,
was used for fermentation. The “distillate wax” hy-
drocarbon cut was found, using octacosane as inter-
nal standard, to contain 809 of straight chain hy-
drocarbons with the composition Cgp, 2; Csy, 8; Cos,
18; 023, 22, 024, 23, 025, 18, 026; 7; 027, 1.

Gas-Liquid Chromatography

Using mixtures of pure methyl esters of 15-hydroxy-
and 16-hydroxypalmitic acids, 17-hydroxystearie, 17-
hydroxyoleic, and 18-hydroxystearie acids and the eor-
responding acetylated esters, it was found, for both
stlicone and polyester columns, that quantitative GLC
results were only obtained when acetoxy esters were
used. When unacetylated esters were tried the re-
sponse of w-hydroxy ester on the silicone column was
about 60% of that of »-1 hydroxy ester, and on the
polyester column both types of hydroxy ester re-
sponded poorly. The GLC units were of conventional
design using thermal conductivity cells for detection.
The silicone column was a 30 in. x 14 in. copper col-
umn packed with silicone SE-30 on 60—80 mesh acid-
washed Celite (1:6 w/w) operated at 220C and a flow
rate of 40 ml helium/minute. The polyester column
was an 8 ft x 3¢ in. copper column packed with
ethylene glycol succinate on 60-80 mesh acid-washed
Chromosorb W (1:10 w/w) operated at 210C and
a flow rate of 50 ml helinm/minute.

The composition of the hydroxy esters, prepared
by hydrolysis of the sophorosides, was obtained by
analysis of acetoxy esters with the polyester column.
This column resolved almost all the components in-
cluding saturated and unsaturated acetoxy esters of
the same chain length. The silicone eolumn, though
it does not resolve every component (9,10), was used
to confirm the results obtained with the other col-
umn. Since esters of saturated o-hydroxy acids and
of unsaturated o-1 hydroxy acids with one more car-
bon atom, present as minor components of esters (A)
(Table I), had almost the same emergence times
using the polyester column, esters (A) were analyzed
before and after hydrogenation, and the percentages
of the overlapping components were calculated by
difference.

Since the crude hydroxy esters contained estolides
and other nonvolatile material, an internal standard
(6) was used to determine the percentage of the
methyl esters which were volatile when analyzed
with the silicone column. In the first place, acetoxy
esters with methyl 6-acetoxypentadecanoate as stan-
dard were used, but it was found that satisfactory
per cent volatile figures could be obtained with hy-
droxy esters and methyl 6-hydroxypentadecanoate
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CH3 (';H CHp (CHz)m COOH (1)

OH
HNO3 KOH

HOOC (CH,) 5 COOH (IN) HOOC (CHy)s COOH (II)
+ +
HOOC (CHp) 4 COOH (111 (CH3 (CHy) 4 COOH) (IV)

CHs?H(Csz CH=CH (CHp)7 COOH (V)
OH KOH
HOOC(CHp) 3 COOH (VD) 4+  (CH3(CHR),2COOH)(VIN)

F1a. 1. Conversion of hydroxy acids to dicarboxylic acids.

(10) as standard. This simplification was possible
because the mixtures under investigation contained
relatively small percentages of o-hydroxy esters.

Dicarboxylic acids were analyzed as dimethyl es-
ters using the silicone column and also an 8 ft x 3¢
in. copper column packed with ethylene glycol phthal-
ate (3) on 60-80 mesh acid washed firebrick (1:4.5
w/w) operated at 207C and a flow rate of 60 ml of
helinm,/minute. Dimethyl tridecanedioate (prepared
from methyl erucate) was used as internal standard
in estimations of volatile material. Using the sihi-
cone column an average factor of 1.04 was applied
to the Cys, Cig, C17 and Cig diesters. Using the poly-
ester column the following factors were used: Cis,
1000, 014, 1025, 015, 1050, Cle 1075, 0177 1100;
Cis, 1.125. Tests with mixtures of pure components
indicated that the analyses were accurate to within
one unit percent on a weight basis.

Reaction Conditions

Fermentation. Fermentations were carried out as
described previously (7). The product separated
from the fermentation medium as a heavy amber-
colored liquid, which consisted of sophoroside mixed
with approximately its own weight of water. The
product from “distillate wax” was washed with light
petroleum to remove unfermentable starting material.

Hydrolysts. Hydrolysis of a bateh of “distillate
wax fermentation product was carried out as fol-
lows: crude product (1300 g; equivalent to 740 g
of dry glycoside) was added to 500 ml of water con-
taining 10 ml of concentrated sulfuric acid and the
mixture heated to 100C and stirred vigorously for
6 hr. At the beginning of the reaction the glycoside
formed a thick syrup on the bottom of the flask but
at the end the hydrolysis product appeared as a black
oil on the surface of the aqueous acid. The oil was
separated from the warm solution, taken up in 600
ml of methanol containing 15 ml of concentrated
sulfuric acid and refluxed for 18 hr. The reaction
product was poured into 2 liters of water and filtered
off. The soft solid thus obtained was taken up in
about one liter of ethyl acetate and washed 12 times
with 15% aqueous sodium chloride. Removal of the
solvent yielded 329 g of dark brown solid methyl
esters. Methyl 17-hydroxy oleate, obtained from the
produet of the fermentation of oleic acid, was a lig-
uid after methanolysis and could be washed free of
acid without the addition of solvent.

‘When the aqueous acid portion obtained in the
first stage of hydrolysis was neutralized with barium
carbonate, barium sulfate filtered off and the filtrate
evaporated to dryness, 262 g of sugar (assumed to
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be glucose) was obtained. Treatment of the aqueous
methanol fraction from the second stage of the hy-
drolysis in the same way yielded 122 g of methyl
glucoside (equivalent to 114 g of glucose). Since
the sophoroside molecule contains two acetate groups
attached to the sophorose portion (5) the product
obtained by fermentation of “distillate wax” has a
molecular weight of 699 (assuming a 1:1 ratio of
hydroxy Ci; and Cis fatty acids). Therefore, from
740 g of dry sophoroside the theoretical yield of
methyl hydroxy esters is 323 g and of glucose is
382 g. No attempt was made to recover the acetic
acid produced.

The crude hydroxy esters were distilled and the
fraction boiling at 180-190C/0.1 mm was collected. A
further quantity of volatile esters was recovered from
the distillation residue by refluxing it with 5 times
its weight of methanolic sulfuric acid (4%) for 18
hr and working up as before. A portion of the dis-
tilled esters was hydrogenated over Raney nickel at
150C for 4 hr.

Nitrie Aeid Oxzidation. Hydrogenated methyl hy-
droxy esters (50 g) were added in 1 g portions, dur-
ing 1 hr, to 350 ml of concentrated nitric acid con-
taining 0.75 g copper and 0.30 g of ammonium
metavanadate, while the mixture was stirred and
maintained at 70C. The reaction was continued at
70-75C for 30 min atfer completion of the addition
and then poured into 1500 ml of water. The dicar-
boxylic acids were filtered, washed and dried in a
desiceator over NaOH. Crude acids (41 g, from oxi-
dation of esters A) were crystallized from 350 ml
of toluene (charcoal) and gave 29 g of dicarboxylic
acids which were 98% volatile as methyl esters.

A portion of the erude dicarboxylic acids produced
by oxidizing hydrogenated hydroxy esters, obtained
from the fermentation of oleic acid, was converted
to methyl esters with diazomethane. The methyl es-
ters were separated preparatively using the silicone
column and dimethy] hexadecanedioate and dimethyl
heptadecanedioate were collected. The former ester
had mp 51-51.5C (after crystallization from meth-
anol) which was not depressed by an authentic sample
previously prepared (9); the latter ester had mp
52-52. 5C (from methanol) which was undepressed
by dimethyl heptadecanedioate prepared by the
method of Blomquist et al. (1).

Alkaline Fission. Experiments following the method
of Steadman and Peterson (8) were carried out at
3200 in a rocking stainless steel autoclave. In the
fission experiments 30 g of KOH were stirred under
nitrogen in a stainless steel tube (8 in. x 134 in.)
which was electrically heated to 320C. Methyl hy-
droxy esters (10 g) were added in 1% g portions over
30 min and the reaction was continued for a further
30 min. The mixture was allowed to cool under ni-
trogen and taken up in 250 ml of water. The acids
were liberated with concentrated hydrochloric acid,
filtered and washed.

The crude acids were taken up in 30 ml of toluene
(charcoal) and filtered, 20-25 ml of the toluene was
distilled off and 60 ml of petroleum ether (boiling
range 60-80C) added and the acids allowed to crys-
tallize at 20C. In this way the produet of the fission
of esters (A) yielded 6 g acids (87% volatile as
methyl esters) and that from esters (B) yielded 5.2
g acids (85% volatile as methyl esters). Pure 17-
hydroxystearic acid (2 g) was also fused with 6 g
of KOH in a smaller steel tube (60 ml capacity) at
320C and worked up as above. The product (2 g),
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treated with diazomethane, gave methyl esters which
were 94% volatile. Dimethyl heptadecanedioate was
isolated by preparative GI.C and had mp and mixed
mp 52-53C. Acids obtained by fission of distilled
hydroxy esters, derived from the fermentation of oleic
acid, were also converted to methyl esters and sepa-
rated by GLC. Dimethyl pentadecanedioate which
had mp 43-44C (lit., 2, gives 43C) and dimethyl
hexadecanedioate, mp and mixed mp 48.5-50.5C, were
the principal components.

Results and Discussion

In previous work (5,9) methyl hydroxy esters
were prepared from the sophorosides by acid meth-
anolysis. This method, however, resulted in the con-
version of all the sugar to methyl-o8-p-glucopyrano-
sides and make it necessary to dry the viscous syrupy
sophoroside. Attempts were made to hydrolyze the
sophoroside with 0.04 N sulfuric acid at 160C in a
sealed tube, but when the reaction was continued
until hydrolysis was complete the fatty acid portion
was extensively degraded.

Direct hydrolysis with aqueous 0.4 N sulfuric acid
was investigated; approximately two-thirds of the
sugar was removed in this way. It is assumed that
random cleavage of the two glycosidie links in the
partly soluble sophoroside occurs resulting in a mix-
ture of approximately equal parts of the hydroxy
fatty acid and its insoluble glucoside. When the re-
action time was increased no further hydrolysis of
the glucoside took place.

Only about 25% of the partial hydrolysis produet
was volatile, after treatment with diazomethane, which
suggested that much of the free hydroxy fatty acid
had been converted to estolide by the hot dilute acid.
The incompletely hydrolyzed material was then con-
verted to hydroxy fatty acid methyl esters by acid
methanolysis and the remaining one-third of the sugar
was recovered as methyl glucoside. The erude esters
were about 75% volatile but distillation yielded es-
ters which were almost 1009, volatile. A further
quantity of esters of 70-85% volatility could be ob-
tained by resubjecting the distillation residue to acid
methanolysis to decompose estolides produced in the
first distillation. The compositions of the methyl es-
ters and the percentages obtainable, as 100% volatile
esters, are shown in Table I. The structures of the
components were determined as in previous work (9).

Nitric Acid Oxidation
Steadman and Peterson (8) reported that nitric
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TABLE I
Composition of Hydroxy Acid Portion of Fermentation Products

Material fermented
(A) “Distillate wax” (B) Oleic acid

Hydroxy fatty acids (%)

15 0H 16:0 3 2
15 0H 16:1 . 1
16 OH 16:0 2 4
16 OH 16:1 4 1
16 OH 17:0 39
16 OH 17:1 8
17 OH 17:0 .
17 OH 18:0 22 6
17 OH 18:1 10 69
17 OH 18:2 3
18 OH 18:0 2
18 0H 18:1 2 10
18 OH 18:2 . 4
18 OH 19:0 2
Distillable esters (%) 85 93

acid oxidation converted 12-hydroxystearic acid to a
mixture of dodecanedioic and undecanedioic acids.
Good yields of dicarboxylic acids were obtained when
their reaction conditions were used with hydrogenated
hydroxy methyl esters. As shown in Fig. 1, cleavage
occurs on both sides of the substituted earbon atom
to yield in the case of 17-hydroxystearic aeid (I),
heptadecanedioic (II) and hexadecanedioic (III)
acids, with the latter acid predominating. The com-
positions of the produects, shown in Table II, are
approximately those expected from the compositions
of the starting materials. The smaller yield from
hydroxy esters derived from “distillate wax” is partly
due to the lower percentage of distillable hydroxy
esters in this produet.

Alkaline Fission

Fission of hydroxy acids in alkali appeared to be
a valuable alternative to nitric acid oxidation sinee
unsaturated acids can also be used, thus avoiding
hydrogenation and at the same time giving different
dibasic acids.

A number of workers have shown that 12-hydroxy-
stearic acid undergoes fission in strong alkali giving
dodecanedioic acid as one of the principal products.
The conditions deseribed by Steadman and Peterson
(8), in which the Lydroxy acid is heated in an auto-
clave at 330C with 30% NaOH containing some cad-
mium oxide, appeared to be very convenient, partic-
ularly sinee air could be excluded. However, when
the reaction was tried with hydroxy esters from fer-
mented oleic acid fission did not take place. The re-
action was repeated with 12-hydroxystearic acid but,
though some 12-oxostearic acid was produced by de-

TABLE II
Products of HNQOs Oxidation and KOH Fission

Hydroxy esters (A) from “‘distillate wax’’

Hydroxy esters (B) from oleic acid

Composition of

dicarboxylic HNOs KOH fission HNOs KOH fission
acids (%) oxidation oxidation
Hydrogenated Crude Distilled Hydrogenated Hydrogenated Crude Distilled ‘Hydrogenated

Cia 1 1 2 1 1 2 1
C14 5 6 9 2 4 11 8 2
C15 39 12 12 4 15 54 66 5
Cis 40 45 43 49 53 26 18 9
Ci7 13 32 32 39 23 8 6 66
Cis 2 4 2 6 4 17
Crude yield

from 10 g 8.2 8.2 9.0 8.6 9.0 8.7 8.5 9.5
% Volatile as

dibasic acid

methyl esters 75 74 76 75 79 64 65 74
% Yield of 100%

dibasic acids

from crude

hydroxy acids » 58 65 63 58 74 60 59 69

2 In HNOs oxidation theoretical yields were calculated by assuming that, for esters (A) a 1 :1 mixture of 16-hydroxy Cir and 17-hydroxy Cis
methyl esters is converted to a 1:1 mixture of 15 and 16 carbon dibasic acids; and for esters (B) a 17 hydroxy Cis ester is converted to a 16
carbon dibasic acid. In KOH fission they were calculated by assuming that only long chain dibasic acids are produced. The 9 yield for the dis-
tilled and hydrogenated esters has been adjusted by taking into account the % distillable of the crude esters given in Table I.
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hydrogenation, fission did not occur. The same re-
sults were obtained with 60% alkali. Fission did occur
when 30% NaOH and an equimolar amount of cad-
mium oxide were used but the major dibasic acid
produced was sebacic acid. When 85% KOH was
used alone in the autoclave, reaction occurred giving
a mixture of dodecanedioic, sebacic, and undecanoic
acids. These products were also found by Dytham
and Weedon (4) who studied the cleavage of 12-oxo-
and 12-hydroxystearic acids by KOH at 300C in an
open tube. Steadman and Peterson claimed that their
product was a mixture of dodecanedioic and undeca-
nedioic acids; however, no trace of the Ci; dibasic
acid was found in the present work and it would not
be expected from the explanation of the reaction
given by Dytham and Weedon (4). These authors
suggested that the first stage was dehydrogenation
to the oxo- acid followed by attack on the carbonyl
group by hydroxyl ion to give the carbonium ion
below. Fission of each of the carbon-carbon honds

0°

|
800C(CH2)10C(CHz)5CHy

OH

of the oxygenated carbon atom to the same extent
gives equimolar amounts of dodecanedioic acid and
hexane, and undecanoic and heptanoic acids.

If this mechanism held for the cleavage of 17-
hydroxystearic acid equimolar amounts of heptadeca-
nedioic (II) and palmitic (IV) acids would be
expected as shown in Fig. 1. However, when 17-
hydroxystearic acid was fused with KOH 74% of
the product was Cy; dibasie acid and only about 2%
was palmitic acid. The rest was shorter chain di-
basic acids and unidentified by-products. It is prob-
able that, in the case of acids with an oxo- group
at the penultimate carbon atom, the carbon to methyl
group bond is cleaved much more readily than the
carbon to methylene group bond. The actual yield
of dibasic acids from this type of hydroxy acid is
much better than that from 12-hydroxystearic acid.

Crude, distilled, and hydrogenated hydroxy esters
obtained from fermentations of “distillate wax” and
oleic acid were fused with KOH. As shown in Fig.
1, 17-hydroxyoleic acid (V) loses 3 carbon atoms giv-
ing mainly pentadecanedioic acid (VI). Myristic acid
(VII), the theoretically possible monobasic product,
formed about 5% of the product and the dibasic
acids about 80% ; the remaining 15% appeared to
be a complex mixture of branched chain monobasic
acids (4). Hexadecanedioic acid, which was also iso-
lated from the fusion of hydroxy esters from fer-
mented oleic acid, is derived from 16-hydroxypalmitic
acid by dehydrogenation and from 18-hydroxyoleic
acid by dehydrogenation and loss of two carbon atoms
(see Table I for composition of starting material).
The composition of the dicarboxylic acid portion of
the products and the yields obtained are given in
Table II.

The results show that for esters A, which are about
75% saturated, hydrogenation has not had much ef-
fect on the quality of the product or its composition ;
in fact, the loss on distilling crude hydroxy esters
makes the percent yield lower for hydrogenated
material than for crude material. However, for es-
ters (B), which are 88% unsaturated, before hydro-
genation the product contained mainly C;5 and Cys
dibasic acids, but after hydrogenation it contained
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mainly Cy; and Cig dibasic acids; the yield was about
10% higher using hydrogenated esters because greater
losses occurred in fission of unsaturated esters.

Comparison of Methods and Starting Material

The nitric acid method is simpler and more readily
modified for larger scale preparations, while alkali
fusion is accompanied by considerable foaming and
requires the use of a reaction vessel with a volume
at least ten times greater than that of the reactants.

However, for nitric acid oxidation the starting mate-

rials have to be hydrogenated since even when sat-
urated compounds are fermented, the hydroxy acids
produced always contain about 10-20% of monoenoic
substances. If a convenient method of carrying out
alkali fusion could be developed, this method would
probably be preferred, as it would be easier to use
crude hydroxy esters directly. The yield of dibasic
acids obtained by the two methods are not very dif-
ferent though the compositions of the products dif-
fer since nitric acid oxidation results principally in
the loss of two carbon atoms and alkali fusion in
the loss of one or three carbons.

Fermentation of hydrocarbons results in conversion
of 60-80% of added substrate to hydroxy acids, but
in fermentation of fatty acids 75-90% of the sub-
strate is converted (7,9). Aside from this factor and
the question of availability and cost of substrate, the
choice of fermentation substrate mainly affects the
composition of the dibasic acid products. Since odd-
numbered hydrocarbons of chain length greater than
19 carbons are converted to 16-hydroxyheptadecanoic
acid, and even-numbered hydrocarbons of chain length
greater than 18 are converted to 17-hydroxystearic
acid (9), any commercial hydrocarbon cut will give
hydroxy esters similar to esters (A), in Table I, on
fermentation. Therefore, the composition of the di-
carboxylic acids, derived from esters (A) and given
in Table II cannot be varied much, unless pure Cig,
Cq7 or Cig hydrocarbons are fermented.

However, hydroxy esters produced by fermentation
of natural fats are more variable (7,9), and a greater
variety of dibasic acids can be produced from them.
Thus, as found with hydroxy esters (B), the degree
of hydrogenation has a considerable effect. Also, sub-
strates which give rise to much larger amounts of
o-hydroxy acids can be used. Fermentation of fatty
acids rich in palmitic acid gives up to 60% of 16-
hydroxypalmitic acid (9), which gives good yields
of hexadecanedioic acid by both nitric acid oxidation
and alkali fusion. When sunflower oil which is high
in linoleic acid is fermented, 58% of w-hydroxy-
linoleic and -oleic acids are obtained. After hydro-
genation, this material could be converted to dibasic
acids rich in octadecanedioic acid.
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